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Abstract
Background: Police officers work under stressful conditions, and the resulting occupational stress may impact their
health and well-being through changes in positive affect (PA) and negative affect (NA). It is therefore important to
assess officers’ stress, PA, and NA while it is experienced. This study evaluates police officers’ momentary stress and
affect in real-world settings using an ecological momentary assessment, and examines the within-person (W) and
between-person (B) factors that influence momentary affect.
Methods: Eighty-nine police officers were recruited in South Korea. Participants completed questionnaires about
their momentary stress and affect using a smartphone application. The associations between momentary stress,
momentary contextual environment, momentary PA, and momentary NA were examined using mixed modeling.
Results: Social overload (W: -.37), work discontent (W: −.45, B: −.73), social tension (W: −.79, B: −.67), and pressure to
perform (W: −.29, B: −.49) were significantly associated with lower PA. Work overload (B: .33) and social isolation(W:
.48, B: .31) were significantly associated with higher PA. Being with family (W: .71, B: .91) and friends (W: 1.89, B: 2.45)
were significantly associated with higher PA. Being at home or other places away from the work place were
significantly associated with higher PA (W: 1.01) and when patrolling or investigating were associated with lower PA
(B: − 1.13). Lack of social recognition (W: 1.74, B: 2.33), work discontent (W: 1.59, B: 1.88), social tension (W: 1.74, B:
2.92), and pressure to perform (W: .78, B: 1.92) were significantly associated with higher NA. Being with colleagues
(W: − 1.43), family (W: -1.38, B: − 2.66) and friends (W: -1.78, B: − 2.45) were associated with lower NA.
Conclusions: Momentary within-person and between-person stress factors and contextual factors influenced police
officers’ momentary affect. These factors should be considered when developing interventions to mitigate stress
and improve affect in police officers.
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Background
Occupational stress is a well-known condition associated
with high levels of distress, depression, anxiety, and
burnout among police officers [1]. In the course of their
daily work, police officers deal with various crimes—in-
cluding domestic violence, physical assaults, and sexual
assaults—and those who perpetrate them, which leads to
unpredictable circumstances. They are exposed to nu-
merous potentially traumatic and critical situations in
their work [2], and their daily activities involve public
contact that requires emotional labor [3]. They are also
exposed to organizational stressors, such as bureaucratic
procedures, record keeping, and human resource man-
agement [4, 5].
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Police officers’ work environment and high occupa-
tional stress can have negative effects on their health.
For example, high stress and changes in circadian
rhythms due to shift work can be risk factors for cardio-
vascular diseases [6]. For example, a previous study
showed the hazard ratios for angina pectoris and cere-
brovascular disease in police officers to be 1.52 and 1.36,
respectively, significantly higher than those of other gov-
ernment workers [7]. In a study conducted in the United
States, the life expectancy of police officers was shown
to be 21.9 years lesser than that of the general popula-
tion [8]. Occupational stress has also been shown to be
positively correlated with anxiety, depression, and post-
traumatic stress disorder [9–11]. Therefore, police offi-
cers’ stress and affect can negatively influence their
health, increase absenteeism, and decrease productivity,
ultimately having a negative impact on the general pub-
lic and national security [12].
Stress is a psychological state involving the relation-
ship between a person and their environment that over-
whelms their resources and threatens their well-being
[13]. According to Lazarus and Folkman’s transitional
theory, people evaluate the meaning of what is happen-
ing to them through cognition [13]. Cognitive outcomes
can have both immediate and long-term effects. Immedi-
ate effects include positive affect (PA), negative affect
(NA), physiological changes, and encounter quality,
while long-term effects include somatic health, well-
being, and social function [13].
PA and NA refer to an individual’s consciously access-
ible feelings and subjective experience [14, 15]. PA is
characterized by enthusiasm, confidence, and energy,
while NA is characterized by factors such as guilt, fear,
and nervousness [16]. PA can influence individual well-
being, which is associated with improved work perform-
ance, relationship satisfaction, and improved health [17].
Systematic reviews of existing studies on psycho-
logical outcomes for police officers revealed that fac-
tors associated with stress include higher job
demands, poor relationships with colleagues, job pres-
sure, low rewards, role ambiguity, and lack of social
support [3, 18]. Contextual factors were shown to in-
clude traumatic events, injuries while on duty, direct
threats to one’s life, taking a life in the line of duty,
and frequent exposure to crime [3, 14]. These factors
influence officers’ affect, causing feelings such as
anger, anxiety, and guilt [19]. However, previous stud-
ies have been limited to between-person assessments,
creating an inability to examine time-varying within-
person factors that impact stress, as well as the mo-
mentary effect of stress on affect change, according to
personal attributes and environment [13, 20]. There-
fore, both within-person and between-person stress
and affect should be evaluated within this population.
In this context, an ecological momentary assessment
(EMA) is a useful approach. EMA collects real-time data
on the behaviors and experiences of participants by de-
scribing phenomena or participant characteristics [21].
Methodologically, EMA is a longitudinal method that re-
peatedly measures participants’ time-dependent variables
through self-reports made in a natural environment.
EMA has previously been used in medical and psycho-
logical research to examine changes in behavior, stress,
and affect [21, 22]. Furthermore, recent developments in
information technology have made it possible to survey
participants and obtain information on psychological
properties using devices such as smartphones, personal
digital assistants, and sensors [23]. A substantial advan-
tage of EMA is that dynamic changes in participants’ be-
haviors and feelings in real-world settings can be
recorded with reduced recall bias [22, 24]. Moreover, it
captures the interaction between participants and their
contextual environment by examining and comparing
within- and between-person factors [22]. A study that
applies EMA can provide more accurate and diverse in-
formation to health experts and administrators, com-
pared with cross-sectional studies. Thus, exploring the
contextual and stress factors of within- and between-
person affect changes in a real-world setting will help
contribute towards mitigating stress and NA in police
officers.
This study aimed to examine the associations be-
tween momentary within- and between-person affect
(PA, NA), stress factors, and context by using EMA via
a mobile device application. The following hypotheses
were investigated: overall momentary stress correlates
with momentary PA and NA, and overall momentary
stress predicts momentary PA and NA (Hypothesis 1);
and within- and between-person momentary PA and
NA are influenced by stress factors and contextual in-




Using convenience sampling, 97 police officers in the
metropolitan area of Gyeonggi Province, South Korea,
were recruited between July and September 2018. The
inclusion criteria were police officers who were currently
working at a police station, used Android smartphones,
and were able to respond to surveys using the applica-
tion. As the developed mobile application was only
available for Android phones [25], those who used
smartphones with other operating systems were ex-
cluded. All participants provided informed written con-
sent before participating in the study. The study was
conducted in accordance with the Declaration of
Helsinki, and the protocol was approved by the Ethics
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Committee of the Yonsei University Health System
(approval number: Y-2018-0035).
Measurements
The measurements included baseline variables such as
demographic characteristics, trait affect, and occupa-
tional stress. Momentary measures were stress, affect,
and contextual information. The study variables at base-
line and momentary measures are summarized in
Table 1.
Baseline self-report measures
Data on participants’ occupational stress and affect were
obtained, along with demographic information including
age, sex, marital status, department of work, rank, work-
ing duration, and shift hours. We used the Korean
Occupational Stress Scale-Short Form (KOSS-SF) to
evaluate participants’ occupational stress [26]. This 24-
item instrument comprises seven categories related to
work stress: work demands, insufficient work control,
interpersonal conflict, work security, organizational sys-
tem, lack of reward, and occupational climate. Each item
is rated on a 4-point Likert scale ranging from (1) “not
at all” to (4) “extremely.” The calculation method of the
scores for each category is ([acquired score – number of
items] / [highest possible score – number of items]) *
100, which was converted to a total of 100 points. The
total score for job stress is the average of the sum of the
scores of each category and ranges from 0 to 100, with
higher scores indicating higher stress. The Cronbach’s
alpha of this scale in the present study was .767.
To assess affect, the Korean version of the Positive
Affect and Negative Affect Schedule (PANAS) was used
[27, 28]. This instrument comprises 10 items each on
PA and NA. PA refers to a state of high energy,
complete concentration, and pleasurable engagement,
while NA refers to a state of subjective distress and
unpleasurable engagement. Each item is rated on a 5-
point Likert scale ranging from (0) “not at all” to (4) “ex-
tremely.” The total score ranges from 0 to 40 each for
PA and NA, with higher scores indicating higher affect.
The Cronbach’s alphas for the PA and NA scales in the
present study were .945 and .933, respectively.
Ecological momentary assessment measures
Momentary stress
To assess real-time momentary stress, we used the Trier
Inventory for Chronic Stress (TICS), adapted from the
German version [29, 30]. Prior to this study, we received
permission from the developers to translate and use the
TICS. The scale was translated into Korean using the
translation and back-translation method. Based on the
original TICS [29, 30], our scale uses an eight-item con-
struct with the following items: work overload (“I did a
lot of work”), social overload (“I dealt a lot with other
people’s matters”), pressure to perform (“I performed
some of my tasks inadequately”), work discontent
(“Others undervalued my work”), excessive demands at
work (“I felt discontented with the type of work I am
doing”), lack of social recognition (“I had a disagreement
with someone”), social tension (“I performed tasks that
allowed no mistakes”), and social isolation (“It was im-
portant to ensure good relations with another person”).
Each item is rated on a 5-point Likert scale ranging from
(1) “not at all” to (5) “extremely.” The total score ranges
from 8 to 40, with higher scores indicating higher mo-
mentary stress. The Cronbach’s alpha of the scale in the
present study was .839.
Momentary affect
To evaluate real-time momentary affect, the PsyMate
survey was used [31]. We received permission from the
authors to translate and use the PsyMate, and translated
it into Korean using the translation and back-translation
method. The survey comprises 13 items, of which four
items evaluate PA and nine items evaluate NA. An ex-
ample of momentary PA items is “I feel cheerful, satis-
fied, relaxed, and am generally feeling well.” An example
of momentary NA items is “I feel lonely, guilty, worried,
down, threatened, insecure, irritated, frightened, and
suspicious.” Each item is rated on a 7-point Likert scale
ranging from (1) “not at all” to (7) “extremely.” The total
Table 1 Study variables at all timepoints
Variables Baseline EMA assessment
Day 1 Day 2 Day 3 Day 4 Day 5 Day 6 Day 7
Demographic characteristics ○
Occupational stress (KOSS-SF) ○
Trait affect (K-PANAS) ○
Momentary stress (TICS) ○ ○ ○ ○ ○ ○ ○
Momentary affect (PsyMate) ○ ○ ○ ○ ○ ○ ○
Contextual information ○ ○ ○ ○ ○ ○ ○
EMA Ecological Momentary Assessment; KOSS-SF Korean Occupational Stress Scale-Short Form; K-PANAS Korean Positive Affect and Negative Affect Schedule, TICS
Trier Inventory for Chronic Stress
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score ranges from 4 to 28 for PA and 9 to 63 for NA,
with higher scores indicating higher momentary affect.
The Cronbach’s alphas of the scale in the present study
were .946 for PA and .945 for NA.
Momentary contextual information
We collected momentary contextual information from
the participants, which included who they were with,
where they were, and what they were doing. These items
provided information concerning the context of a partic-
ipant’s experience of momentary stress and affect. The
choices for each item were structured based on the work
guidelines for Korean police officers, which were
reviewed by experts. For the “with whom” item, the
choices were alone, colleagues, boss, civilians, family, or
friends. For the location-related item, the choices were
police station, working outside, home, or other. For the
task-related item, participants were distinguished based
on their type of work, such as administration, patrolling
or investigating, resting, or other.
Procedure
Prior to data collection, we explained the research to the
captains of each police station, and they provided us
with permission to conduct the research. The research
team provided a booklet with instructions on using the
mobile application, and the application was installed on
all participants’ smartphones. Participants completed the
initial questionnaires and EMA items using their smart-
phones. The EMA application was developed by the re-
search team, and the details are described in a previously
published article [25]. The application consists of ques-
tionnaires on participants’ stress, affect, and momentary
contextual information.
The EMA was performed over seven consecutive days;
real-time self-reported responses were prompted by the
application’s alarm function. Surveys were conducted
four times a day from 8:00 to 9:00, 13:00 to 14:00, 17:00
to 18:00, and 21:00 to 22:00. We determined the number
and timing of alarms based on the EMA methodological
systematic review [22]. It should be noted that the alarm
intervals were not constant, because we considered the
participants’ commute and lunch/dinner times. The
alarm was set at semi-random intervals within 60-min
periods. Participants received gift coupons as an incen-
tive for their participation. We contacted participants
who missed all four responses on the first day of EMA
data collection to help solve any problems impeding par-
ticipation, such as technical difficulties or intention to
drop out. During the study, participants were encour-
aged to contact the research team via telephone call or
text message to address any questions.
Statistical analysis
Data were analyzed using SPSS version 23 and STATA
version 13. We included data from participants who
completed the survey three times or more, as this is con-
sidered to be suitable for a longitudinal analysis, based
on the work of Hoffman [20]. Participants’ baseline and
momentary stress and affect were analyzed using de-
scriptive statistics. To assess overall momentary stress
levels, total scores were used. To analyze the influence
of momentary stress on momentary affect with mixed
modeling, each stress factor was applied based on the
momentary stress questionnaire (TICS) construct to de-
termine the influence of each stress construct.
To test Hypothesis 1, Pearson’s correlation coefficients
were used to examine correlations between overall mo-
mentary stress and momentary PA and NA. Addition-
ally, a simple linear regression analysis was performed to
predict momentary affect by overall momentary stress.
To test Hypothesis 2, Momentary PA and NA related to
momentary stress were examined on two levels—
within-person (level 1) and between-person (level 2)—
using mixed modeling for a longitudinal analysis
method [20]. Data from EMA studies are inherently
multilevel with (level 1) a specific individual’s
variation nested within (level 2) individuals. Thus,
mixed-effects models investigated the disaggregated
effects of within-person changes and between-person
differences in momentary PA and NA related to mo-
mentary stress.
Factors predicting momentary affect were analyzed
separately using three models—stress factors, context,
and trait variables—at levels 1 and 2. In Model 1, real-
time predictors with stress factors were included as fixed
effects. In Model 2, we added contextual factors, such as
with whom and location, and task-related factors to
Model 1. In Model 3, we added trait variables such as
age, sex, rank, work duration, occupational stress, and
baseline affect to Model 2. As traits, baseline occupa-
tional stress and affect can influence momentary affect
[32]; thus, baseline stress and affect were included in the
adjusted model. Furthermore, momentary affect and
stress can change owing to an event and vary with time,
surrounding context, and inter-individual differences
[20]. Table 2 shows the variables included in each model
and level; therefore, these models are three sets of
models at level 1 and level 2.
Results
Participant characteristics
We initially recruited 112 participants, 15 of whom
(13.4%) did not respond to our EMA survey; thus, a
total of 97 police officers participated in this study.
After data were excluded from participants who com-
pleted the momentary survey fewer than three times
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(n = 8), data from 89 participants were included in the
final analyses, which comprised 1613 of 2492 entries
(Completion rate: 64.7%, SD: 22.69, Range: 10.71–
100%). The average number of answered prompts per
participant was 17, and the range was 3 to 28 times
per participant. The median response time for com-
pletion was 38 min.
The mean age of the participants was 37.15 (±
10.52) years. There was a higher proportion of male
participants (n = 84; 94.4%) and more than half were
married (n = 50; 56.2%). Regarding their rank, police
officers were the most common (n = 36; 40.4%),
followed by inspectors or higher (n = 30; 33.7%),
then senior police officers or assistance inspectors
(n = 23; 25.8%). The most common work department
was the public safety division (n = 58; 65.2%). The
mean years of work experience was 10.42 years (±
10.09), and 64 participants (71.9%) performed shift
work (Table 3).
Baseline and momentary stress and affect
The results of the baseline investigation showed a mean
occupational stress score of 43.01 (± 8.67) out of 100,
while mean PA and NA scores were 17.12 (± 7.23) and
8.00 (± 7.50) out of 40, respectively. The mean overall
momentary stress score was 16.43 (±4.32) out of 40. The
mean momentary PA score was 18.24 (±3.37) out of 28,
and the mean momentary NA score was 19.59 (±8.44)
out of 63. The intraclass correlation coefficient (ICC)
scores were 0.60, 0.45, and 0.66 for momentary stress,
momentary PA, and momentary NA, respectively. This
means that the ICC scores for momentary stress showed
a 60% variation; there was a 45% variation in momentary
PA and a 66% variation in momentary NA (Table 4).
Overall momentary stress, momentary PA, and
momentary NA were significantly correlated (p < .01).
Overall momentary stress was positively correlated with
occupational stress and NA. Momentary PA was nega-
tively correlated with occupational stress and positively
Table 2 Levels, models, and variables related to momentary positive and negative affect
Level Model Variable
1. Within-person 1. Stress factors work overload, social overload, pressure to perform, work discontent, excessive demands at work,
lack of social recognition, social tension, and social isolation
2. Context + with whom, location-related, and task-related factors
3. Trait variables + age, sex, rank, work duration, occupational stress, and baseline affect
2. Between-person 1. Stress factors work overload, social overload, pressure to perform, work discontent, excessive demands at work,
lack of social recognition, social tension, and social isolation
2. Context + with whom, location-related, and task-related factors
3. Trait variables + age, sex, rank, work duration, occupational stress, and baseline affect
PA Positive affect; NA Negative affect
Table 3 General and work-related participant characteristics (n = 89)
Variables Sub-category Mean (± SD) or n (%)
Age (years) 37.15 (± 10.52)
Sex Male 84 (94.4)
Female 5 (5.6)
Marital status Single 39 (43.8)
Married 50 (56.2)
Rank Police officer 36 (40.4)
Senior police officer/Assistance inspector 23 (25.8)
Inspector or higher 30 (33.7)
Department of work Public safety department 58 (65.2)
Detective division 3 (3.4)
Traffic affairs division/ Riot police corps 23 (25.8)
Command center/ Women & juvenile affairs division 5 (5.6)
Working duration (years) 10.42 (± 10.09)
Shift working Yes 64 (71.9)
No 26 (28.1)
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correlated with PA. Momentary NA was positively corre-
lated with NA (Table 5).
Overall momentary stress predicted momentary PA
and NA. The coefficient value of momentary PA by mo-
mentary stress was statistically significant (coefficient =
−.25; p < .001). The coefficient value of momentary NA
by momentary stress was also significant (coefficient =
.32; p < .001; Fig. 1).
Within- and between-person predictors of momentary PA
and NA
The results showed that momentary PA and NA were in-
fluenced by the source of stress (work overload, social
overload, pressure to perform, work discontent, excessive
demands at work, lack of social recognition, social tension,
and social isolation) and context (with whom, location-
related, and task-related factors) on a within-person level
(level 1) and a between-person level (level 2). Table 6
shows the parameter estimates from the mixed effect
model for within-person (level l) and between-person
(level 2) PA/NA of Model 3 that were analyzed for mo-
mentary PA and NA predictions and included stress fac-
tors, contextual factors, and traits for adjustment.
The questionnaire items and construct follow that of
TICS [29, 30]; we have attached the questionnaire as a
supplement (S1).
At the within-person level (level 1), social isolation
was positively associated with momentary PA. Social
overload, work discontent, social tension, and pressure
to perform were negatively associated with momentary
PA. Regarding contextual factors, momentary PA in-
creased when participants were with family and friends
and when they were at home or other places away from
the workplace. At the between-person level (level 2),
work overload and social isolation were positively associ-
ated with momentary PA. Work discontent, social ten-
sion, and pressure to perform were negatively associated
with momentary PA. Regarding contextual factors, mo-
mentary PA increased when participants were with fam-
ily and friends and decreased when they were patrolling
or investigating.
At the within-person level (level 1), lack of social rec-
ognition, work discontent, social tension, and pressure
to perform were positively associated with momentary
NA. Among contextual factors, momentary NA de-
creased when participants were with colleagues, family,
and friends. At the between-person level (level 2), lack
of social recognition, work discontent, social tension,
and pressure to perform were positively associated with
momentary NA. Among contextual factors, momentary
NA decreased when participants were with family and
friends.
Discussion
This study used an EMA method to examine the within-
and between-person differences in momentary stress fac-
tors and contextual information on momentary affect
experienced by police officers. The results showed that
the participants’ contextual environment in daily life in-
fluenced their momentary stress and affect on both
within- and between-person levels.
Hypothesis 1—positing that overall momentary stress
is correlated with momentary PA and NA and overall
momentary stress predicts momentary affect—was
Table 4 Means, standard deviations, and intraclass correlation
coefficients (ICC) at EMA measurement and baseline (n = 89)
Variables (Range) Mean SD ICC
Overall momentary stress (8–40) 16.43 4.32 0.60
Momentary PA (4–28) 18.24 3.37 0.45
Momentary NA (9–63) 19.59 8.44 0.66
Occupational stress (0–100) 43.01 8.67
PA (0–40) 17.12 7.23
NA (0–40) 8.00 7.50
PA Positive affect; NA Negative affect
Table 5 Correlations among overall momentary stress, momentary affect, baseline occupational stress, and baseline affect (n = 89)
Variables Overall momentary stress Momentary PA Momentary NA Baseline occupational stress Baseline PA Baseline NA
r (p)




























Baseline PA 1 .353
(.001)
Baseline NA 1
PA positive affect, NA negative affect
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Fig. 1 Comparison of the results of overall momentary stress predicting momentary PA and NA (n = 1613)
Table 6 Model 3: Fixed-effect parameter estimates of within-person and between-person stress factors of momentary PA and NA
based on multivariate mixed modeling (n = 1613)
Variables Momentary PA Momentary NA
Within-person (Level 1) Between-person (Level 2) Within-person (Level 1) Between-person (Level 2)
Coef. (SE) p Coef. (SE) p Coef. (SE) p Coef. (SE) p
Stress factors (by TICS)
Work overload .25 (.14) .064 .33 (.16) .037 .04 (.21) .866 −.35 (.26) .177
Social overload −.37 (.14) .011 −.20 (.16) .208 .09 (.22) .703 −.13 (.26) .632
Excessive demands at work −.21 (.15) .172 −.11 (.18) .523 .37 (.24) .117 .32 (.29) .272
Lack of social recognition −.12 (.20) .538 .23 (.23) .316 1.74 (.31) < .001 2.33 (.37) < .001
Work discontent −.45 (.14) .002 −.73 (.16) < .001 1.59 (.22) < .001 1.88 (.26) < .001
Social tension −.79 (.16) < .001 −.67 (.18) < .001 1.74 (.25) < .001 2.92 (.29) < .001
Pressure to perform −.29 (.14) .039 −.49 (.14) < .001 .78 (.22) < .001 1.92 (.22) < .001
Social isolation .48 (.10) < .001 .31 (.10) .002 .10 (.15) .519 .24 (.16) .138
Context With whom (ref. being alone)
Colleagues .62 (.42) .142 .49 (.51) .347 −1.43 (.66) .029 −.49 (.83) .556
Boss .22 (.46) .636 −.53 (.56) .344 −.58 (.72) .424 −.12 (.91) .896
Civilians .69 (1.22) .576 1.34 (1.48) .362 1.50 (1.89) .429 1.94 (2.41) .423
Family .71 (.24) .003 .92 (.27) .001 −1.38 (.37) < .001 −2.66 (.44) < .001
Friends 1.89 (.40) < .001 2.45 (.47) < .001 −1.78 (.63) .004 −2.45 (.77) .001
Location (ref. police station)
Working outside −.14 (.34) .684 −.40 (.40) .316 −.47 (.52) .365 .09 (.65) .892
Home or other 1.01 (.51) .048 .86 (.61) .160 −1.18 (.79) .134 − 1.36 (1.00) .172
Type of task (ref. administration)
Patrolling or investigating −.54 (.42) .202 −1.13 (.49) .020 −.21 (.66) .753 -.64 (.80) .414
Resting or other .00 (.60) .998 −1.17 (.71) .100 −.73 (.93) .432 1.02 (1.16) .378
These multivariate mixed model analyses for Model 3 were performed for momentary PA and NA as dependent variables and stress factors, contextual factors,
and traits as independent variables at within-person (level l) and between-person (level 2) levels
PA Positive affect; NA Negative affect; TICS Trier Inventory for Chronic Stress
NOTE: age, sex, rank, work duration, occupational stress, and baseline affect were adjusted
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supported. Lazarus and Folkman reported that an indi-
vidual’s stress level is determined by their cognitive ap-
praisal, and that appraisal and re-appraisal occur
continuously, based on changes in the relationship be-
tween the individual and the environment [13]. Based on
this theory, cognitive appraisal of a momentary real-life
contextual environment would influence momentary
stress. Furthermore, the outcome of a cognitive appraisal
and response may influence momentary affect, which
was one of the final outcomes of this study. Further-
more, considering the slope that predicts momentary
affect, the confidence interval range of the momentary
NA slope was slightly steeper than that of momentary
PA. This indicates that momentary NA was more sensi-
tive to momentary stress than momentary PA, in terms
of response. This can be explained by the condition of
neuroticism, an individual’s tendency to experience NA
in response to stressful situations [33]. Neuroticism may
result in difficulties adapting and coping with a stressful
environment [33, 34].
Hypothesis 2 was partially supported. Work discontent,
social tension, and pressure to perform influenced mo-
mentary affect at the within- and between-person levels.
This finding is consistent with those of previous studies
that report job demands, job pressure, high effort, and
high workload are stress factors [2, 18]. Individuals in
emergency situations—such as police officers—often ex-
perience a lack of control, psychological pressure, and dis-
tress [2]. These work-related burdens may worsen their
psychological stress and social tension, because they have
interpersonal relationships with many people, including
civilians. This study showed that participants experienced
psychological pressure and distress due to work-related
factors, which led to decreased PA and increased NA, at
both the within-person and between-person levels.
There were some differences in the factors that signifi-
cantly influenced within- and between-person moment-
ary PA. Work overload and patrolling or investigating
influenced between-person, but not within-person, mo-
mentary PA. This finding was similar to that of a previ-
ous study, which showed that outdoor patrol officers
experienced more stress and anxiety than officers who
worked indoors [4]. This may be because these officers
have difficulties in controlling the outdoor environment.
In the case of investigating, police officers have to deal
with different types of victims, and they exposed to emo-
tional trauma or externally inflicted victim trauma [35].
Being with family and friends increased momentary
PA and decreased NA, at both the within- and between-
person levels. Moreover, being with colleagues decreased
within-person momentary NA. This indicates that social
support from family, friends, and colleagues is important
for police officers who experience social isolation and re-
jection because of the characteristics of their work [36].
Social support can play a buffering role when officers
experience stress or traumatic events [37]. Further,
social support through interpersonal relationships mit-
igates psychological symptoms. Therefore, developing
social support strategies is essential to mitigate stress
and NA.
To our knowledge, this study is the first to investigate
the effects of momentary stress and contextual factors
on real-time momentary PA and NA in police officers.
The findings indicate that within- and between-person
momentary affect (both PA and NA) were influenced
and changed by momentary stress factors and contextual
factors. These factors can be considered when designing
interventions to improve PA and reduce NA in police
officers. For example, previous studies showed the effect-
iveness of interventions, such as mindfulness or cogni-
tive change techniques, that were provided to help
change police officers’ perceptions of stress and context-
ual factors [38, 39]. Additionally, as momentary PA and
NA are influenced by task type—for example, patrolling
or investigating—it is necessary to implement individual
support programs that can assist police officers in man-
aging the negative impact to stress and affect caused by
a particular task.
As being with family and friends was shown to
decrease within- and between-person momentary NA,
social support could mitigate stress and improve psycho-
logical well-being among police officers [40, 41]. There-
fore, police organizations should encourage police
officers to engage in social relationships with family and
friends, through guaranteed off-duty and rest time.
Limitations
This study used a mobile application that is only avail-
able for Android smartphones, and the lack of accessibil-
ity created a technical issue that we will remedy in
future studies. Moreover, due to missing data, survey
completion rates may have impacted the results of the
EMA study. Therefore, the interpretation of the results
could be limited. The completion rate for this study was
64.7%, and a systematic review of EMA methodology re-
ported ranges from 44 to 96% [42]. A previous study re-
ported that a study’s completion rate may be influenced
by physiological factors such chronic pain, as well as by
psychological aspects [21, 43, 44]. Although there is no
gold standard for completion rates, it is important to en-
sure the generalizability of study results. Therefore, re-
searchers conducting an EMA study should consider
participants’ possible physiological and psychological dif-
ficulties before and during the study.
In this study, the median response latency was 38min.
A systematic review of diet and physical activity in youth
reported response latency longer than 15min in 0 to
40% of studies using electronic devices, compared to
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71.7 to 74.1% for paper-and-pencil methods [42]. A
study reported an average response latency of 29 min
[45], and another reported 19min [46]. The participants
of those studies were youth (e.g., high school or under-
graduate students) who probably responded faster to an
EMA than our participants. In the present study, we
attempted not to impose a time limit in order to reduce
the burden of the survey on participants and to increase
response rates. Although this was to account for the
possibility that participants could not respond immedi-
ately, due to being occupied with other tasks or sleeping
after work, momentary stress factors and affect may have
been underestimated. In future research, strategies to re-
duce response latency should be used when measuring
time-sensitive variables. Additionally, other factors that
were not included in this study—such as various work-
related events, relationships, resilience, and fatigue—may
have influenced the results.
As the police officers who participated in this study
worked in different departments, their work characteris-
tics are not generalizable to all police officers. Further,
generalizability of the results is also limited, as the par-
ticipants did not work in departments with a relatively
high demand for security. We did not investigate duty
schedules, date information (weekday or weekend), or
other potential factors, such as fatigue, which can also
influence affect and stress.
Some questionnaire items may have ambiguous mean-
ings. For example, participants might have interpreted
an item as “I feel good because I did a lot of work,” ra-
ther than “I am tired because I did a lot of work.” Fur-
thermore, “I try to maintain a good relationship with
others” could be interpreted positively as “challenging”
rather than “stressful.” Thus, momentary PA might be
positively responsive to momentary stress.
Lastly, we acknowledge that multiple testing in statis-
tical analysis may increase the risk of type 1 errors (false
positives); however, the risk was low in this study, con-
sidering that our statistically significant effects were con-
sistent across the entire study group [47]. Despite these
limitations, as police officers’ momentary stress and
affect were measured in real-time, it can be said that
their momentary stress and affect were sufficiently
reflected in this study, as recall bias was low.
Conclusion
Our findings provided the first real-time evidence that
identified the momentary stress factors that influence
momentary affect among police officers. Our results also
showed that momentary PA and NA were influenced by
stress and contextual factors at the within- and between-
person levels. The findings of this study will be useful
for understanding police officers’ stress and affect, and
in generating new approaches to improving their psy-
chological health.
Supplementary information
Supplementary information accompanies this paper at https://doi.org/10.
1186/s12889-020-09225-z.
Additional file 1: Table S1. TICS questionnaire.
Abbreviations
EMA: Ecological momentary assessment; PA: Positive affect; NA: Negative
affect
Acknowledgments
The authors would like to thank the heads of each police station and
participants.
Authors’ contributions
MC, GWR, and YSY contributed to the study design, data collection, and
analysis; GWR and YSY drafted the manuscript; and MC critically reviewed
the manuscript and supervised the whole study. All the authors read and
approved the final manuscript.
Funding
This work was supported by the Yonsei University College of Nursing and
Mo-Im Kim Nursing Research Institute in 2017 (grant number 6–2017-0206).
Availability of data and materials
The datasets are available from the corresponding author on reasonable
request.
Ethics approval and consent to participate
The study was approved by the Institutional Review Board and Ethics
Committee of Yonsei University Health System (approval number: Y-2018-





Received: 28 November 2019 Accepted: 7 July 2020
References
1. Leino TM, Selin R, Summala H, Virtanen M. Violence and psychological distress
among police officers and security guards. Occup Med (Lond). 2011;61(6):400–6.
2. Arble E, Daugherty AM, Arnetz BB. Models of first responder coping: police
officers as a unique population. Stress Health 2018;34(5):612–621. https://
doi.org/https://doi.org/10.1002/smi.2821.
3. Purba A, Demou E. The relationship between organizational stressors and
mental wellbeing within police officers: a systematic review. BMC Public Health
2019;19(1):1286. https://doi.org/https://doi.org/10.1186/s12889-019-7609-0.
4. Acquadro Maran D, Zedda M, Varetto A. Organizational and occupational
stressors, their consequences and coping strategies: a questionnaire survey
among Italian patrol police officers. Int J Environ Res Public Health 2018;
15(1):166. https://doi.org/https://doi.org/10.3390/ijerph15010166.
5. Shane JM. Daily work experiences and police performance. Police Pract Res
2013;14(1):17–34. https://doi.org/https://doi.org/10.1080/15614263.2011.596717.
6. Magnavita N, Capitanelli I, Garbarino S, Pira E. Work-related stress as a
cardiovascular risk factor in police officers: a systematic review of evidence.
Int Arch Occup Environ Health 2018;91(4):377–389. https://doi.org/https://
doi.org/10.1007/s00420-018-1290-y.
7. Han M, Park S, Park JH, Hwang SS, Kim I. Do police officers and firefighters
have a higher risk of disease than other public officers? A 13-year
nationwide cohort study in South Korea. BMJ Open 2018;8(1):e019987.
https://doi.org/https://doi.org/10.1136/bmjopen-2017-019987.
Ryu et al. BMC Public Health         (2020) 20:1154 Page 9 of 10
8. Violanti JM, Fekedulegn D, Hartley TA, Andrew ME, Gu JK, Burchfiel CM. Life
expectancy in police officers: a comparison with the U.S. general
population. Int J Emerg Ment Health. 2013;15(4):217–28.
9. Gerber M, Kellmann M, Elliot C, Hartmann T, Brand S, Holsboer-Trachsler E, et al.
Perceived fitness protects against stress-based mental health impairments
among police officers who report good sleep. J Occup Health. 2014;55(5):376–84.
10. Garbarino S, Cuomo G, Chiorri C, Magnavita N. Association of work-related
stress with mental health problems in a special police force unit. BMJ Open.
2013;3(7). https://doi.org/https://doi.org/10.1136/bmjopen-2013-002791.
11. Maguen S, Metzler TJ, McCaslin SE, Inslicht SS, Henn-Haase C, Neylan TC,
et al. Routine work environment stress and PTSD symptoms in police
officers. J Nerv Ment Dis 2009;197(10):754–760. https://doi.org/https://doi.
org/10.1097/NMD.0b013e3181b975f8.
12. Fekedulegn D, Burchfiel CM, Hartley TA, Andrew ME, Charles LE, Tinney-Zara
CA, et al. Shiftwork and sickness absence among police officers: the BCOPS
study. Chronobiol Int 2013;30(7):930–941. https://doi.org/https://doi.org/10.
3109/07420528.2013.790043.
13. Lazarus RS, Folkman S. Stress, appraisal, and coping. New York: Springer
Publishing Company; 1984.
14. Fredrickson BL. The role of positive emotions in positive psychology. The
broaden-and-build theory of positive emotions. Am Psychol 2001;56(3):218–
226. https://doi.org/https://doi.org/10.1037/0003-066X.56.3.218.
15. Larsson G, Berglund AK, Ohlsson A. Daily hassles, their antecedents and outcomes
among professional first responders: a systematic literature review. Scand J Psychol
2016;57(4):359–367. https://doi.org/https://doi.org/10.1111/sjop.12303.
16. Berry DS, Hanse JS. Positive affect, negative affect, and social interaction. J
Pers Soc Psychol 1996;71(4):796–809. https://doi.org/https://doi.org/10.1037/
0022-3514.71.4.796.
17. Diener E, Scollon CN, Lucas RE. The evolving concept of subjective well-being:
the multifaceted nature of happiness. Adv Cell Aging Gerontol. 2003;15:187–219.
18. Sherwood L, Hegarty S, Vallieres F, Hyland P, Murphy J, Fitzgerald G, et al.
Identifying the key risk factors for adverse psychological outcomes among
police officers: a systematic literature review. J Trauma Stress 2019;32(5):
688–700 https://doi.org/https://doi.org/10.1002/jts.22431.
19. Berking M, Meier C, Wupperman P. Enhancing emotion-regulation skills in
police officers: results of a pilot controlled study. Behav Ther 2010;41(3):329–
339. https://doi.org/https://doi.org/10.1016/j.beth.2009.08.001.
20. Hoffman L. Longitudinal analysis: Modeling within-person fluctuation and
change. New York: Routledge/Taylor & Francis Group; 2015.
21. Stone AA, Shiffman S. Capturing momentary, self-report data: a proposal for
reporting guidelines. Ann Behav Med 2002;24(3):236–243. https://doi.org/
https://doi.org/10.1207/s15324796abm2403_09.
22. Yang YS, Ryu GW, Choi M. Methodological strategies for ecological
momentary assessment to evaluate mood and stress in adult patients using
mobile phones: systematic review. JMIR Mhealth Uhealth 2019;7(4):e11215.
https://doi.org/https://doi.org/10.2196/11215.
23. Doherty ST, Lemieux CJ, Canally C. Tracking human activity and well-being
in natural environments using wearable sensors and experience sampling.
Soc Sci Med 2014;106:83–92. https://doi.org/https://doi.org/10.1016/j.
socscimed.2014.01.048.
24. Shiffman S, Stone AA, Hufford MR. Ecological momentary assessment. Ann
Rev Clin Psychol. 2008;4:1–32.
25. Yang YS, Ryu GW, Han I, Oh S, Choi M. Ecological momentary assessment
using smartphone-based mobile application for affect and stress
assessment. Health Inform Res 2018;24(4):381–386. https://doi.org/https://
doi.org/10.4258/hir.2018.24.4.381.
26. Chang SJ, Koh SB, Kang DM, Kim SA, Kang MG, Lee CG, et al. Developing an
occupational stress scale for Korean employees. Ann Occup Environ Med.
2005;17(4):297–317.
27. Lee HH, Kim EJ, Lee MK. A validation study of Korea positive and negative
affect schedule: the PANAS scales. Kor J Clin Psychol. 2003;22(4):935–46.
28. Watson D, Clark LA, Tellegen A. Development and validation of brief
measures of positive and negative affect: the PANAS scale. J Pers Soc
Psychol. 1988;54:1063–70.
29. Petrowski K, Paul S, Albani C, Brahler E. Factor structure and psychometric
properties of the trier inventory for chronic stress (TICS) in a representative
German sample. BMC Med Res Methodol 2012;12:42. https://doi.org/https://
doi.org/10.1186/1471-2288-12-42.
30. Powell DJ, Schlotz W. Daily life stress and the cortisol awakening response:
testing the anticipation hypothesis. PLoS One 2012;7(12):e52067. https://doi.
org/https://doi.org/10.1371/journal.pone.0052067.
31. Verhagen SJW, Berben JA, Leue C, Marsman A, Delespaul P, van Os J, et al.
Demonstrating the reliability of transdiagnostic mHealth routine outcome
monitoring in mental health services using experience sampling
technology. PLoS One 2017;12(10):e0186294. https://doi.org/https://doi.org/
10.1371/journal.pone.0186294.
32. Stanton K, Watson D. Positive and negative affective dysfunction in
psychopathology. Soc Personal Psychol Compass 2014;8(9):555–567. https://
doi.org/https://doi.org/10.1111/spc3.12132.
33. Andrew ME, Mnatsakanova A, Howsare JL, Hartley TA, Charles LE, Burchfiel
CM, et al. Associations between protective factors and psychological
distress vary by gender: the Buffalo cardio-metabolic occupational police
stress study. Int J Emerg Ment Health. 2013;15(4):277–88.
34. Jenkins EN, Allison P, Innes K, Violanti JM, Andrew ME. Depressive
symptoms among police officers: associations with personality and
psychosocial factors. J Police Crim Psychol 2019;34(1):66–77. https://doi.org/
https://doi.org/10.1007/s11896-018-9281-1.
35. Fyhn T, Fjell KK, Johnsen BH. Resilience factors among police investigators:
hardiness-commitment a unique contributor. J Police Crim Psychol 2016;31:261–
269. https://doi.org/https://doi.org/https://doi.org/10.1007/s11896-015-9181-6.
36. Hunter RE, Baker T, Mayhall PD. Police-community relations and the
administration of justice. Upper Saddle River: Pearson Prentice Hall; 2007.
37. Schwarzer R, Cone JE, Li J, Bowler RM. A PTSD symptoms trajectory
mediates between exposure levels and emotional support in police
responders to 9/11: a growth curve analysis. BMC Psychiatry 2016;16:201.
https://doi.org/https://doi.org/10.1186/s12888-016-0907-5.
38. Chin B, Slutsky J, Raye J, Creswell JD. Mindfulness training reduces stress at
work: a randomized controlled trial. Mindfulness 2019;10(4):627–638. https://
doi.org/https://doi.org/10.1007/s12671-018-1022-0.
39. Hilton LG, Marshall NJ, Motala A, Taylor SL, Miake-Lye IM, Baxi S, et al.
Mindfulness meditation for workplace wellness: an evidence map. Work.
2019;63(2):205–218. https://doi.org/https://doi.org/10.3233/wor-192922.
40. McCanlies EC, Gu JK, Andrew ME, Burchfiel CM, Violanti JM. Resilience
mediates the relationship between social support and post-traumatic stress
symptoms in police officers. J Emerg Manag 2017;15(2):107–116. https://doi.
org/https://doi.org/10.5055/jem.2017.0319.
41. Ditzen B, Heinrichs M. Psychobiology of social support: the social dimension
of stress buffering. Restor Neurol Neurosci 2014;32(1):149–162. https://doi.
org/https://doi.org/10.3233/rnn-139008.
42. Liao Y, Skelton K, Dunton G, Bruening M. A systematic review of methods
and procedures used in ecological momentary assessments of diet and
physical activity research in youth: an adapted STROBE checklist for
reporting EMA studies (CREMAS). J Med Internet Res 2016;18(6):e151.
https://doi.org/https://doi.org/10.2196/jmir.4954.
43. Courvoisier DS, Eid M, Lischetzke T. Compliance to a cell phone-based ecological
momentary assessment study: the effect of time and personality characteristics.
Psychol Assess 2012;24(3):713–720. https://doi.org/https://doi.org/10.1037/a0026733.
44. Yang YS, Ryu GW, Choi M. Factors associated with daily completion rates in a
smartphone-based ecological momentary assessment study. Healthc Inform Res
2019;25(4):332–337. https://doi.org/https://doi.org/10.4258/hir.2019.25.4.332.
45. Berkman ET, Giuliani NR, Pruitt AK. Comparison of text messaging and paper-and-
pencil for ecological momentary assessment of food craving and intake. Appetite
2014;81:131–137. https://doi.org/https://doi.org/10.1016/j.appet.2014.06.010.
46. Himmelstein PH, Woods WC, Wright AGC. A comparison of signal- and
event-contingent ambulatory assessment of interpersonal behavior and
affect in social situations. Psychol Assess 2019;31(7):952–960. https://doi.org/
https://doi.org/10.1037/pas0000718.
47. Powell DJH, Liossi C, Schlotz W, Moss-Morris R. Tracking daily fatigue
fluctuations in multiple sclerosis: ecological momentary assessment
provides unique insights. J Behav Med 2017;40(5):772–783. https://doi.org/
https://doi.org/10.1007/s10865-017-9840-4.
Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in
published maps and institutional affiliations.
Ryu et al. BMC Public Health         (2020) 20:1154 Page 10 of 10
